The use of hard coastal-defence structures, like breakwaters and seawalls, is rapidly increasing to prevent coastal erosion. We compared low-shore assemblages between wave-protected and wave-exposed habitats on breakwaters along a sandy shore of Tuscany (North-Western Mediterranean). Assemblages were generally characterized by a low diversity of taxa, with space monopolized by Mytilus galloprovincialis and Corallina elongata on the seaward side of breakwaters and by filamentous algae on the landward side. Assemblages in wave-protected habitats were characterized by greater temporal stability than those in exposed habitats and supported non-indigenous macroalgae such as Caulerpa racemosa and Codium fragile ssp. tomentosoides. Hence, the introduction of hard coastal-defence structures in otherwise soft-bottom dominated areas, attracting native and exotic rocky-bottom species, should be of great concern for the conservation of marine biodiversity at local and regional scales and for the management of biological invasions.
Introduction
More than 60% of the human population is living in coastal zones and projections for the next decades foresee a further increase, with this fraction exceeding 75%, as a consequence of the ongoing demographic expansion and tendency to migrate towards coastal areas (EEA, 1999; Airoldi and Beck, 2007) . The need to protect the coast from erosion and flooding have increased the use of man-made structures like breakwaters, groynes and seawalls (Bulleri, 2006; Airoldi and Beck, 2007) . A further increment in the presence of hard coastal-defence structures is predicted to happen in response to sea level rise and to increases in the intensity and frequency of storms (Bray and Hooke, 1997; Valiela, 2006) . Nonetheless, in contrast to terrestrial environments, artificial marine habitats have received little attention by ecologists and our understanding of their ecological value and functioning remains limited (Bulleri, 2006) . Only in recent years have the importance and advantages of including ecological criteria into the design and management of man-made structure been recognized (Glasby, 1999; Glasby and Connell, 1999; Davis et al., 2002; Bacchiocchi and Airoldi, 2003; Chapman, 2003; Airoldi et al., 2005a; Moreira et al., 2007) .
Much of the research in this field has been done on artificial structures deployed on hard-bottoms. A number of studies has compared benthic assemblages on different types of artificial habitats (Connell and Glasby, 1998; Connell, 2001) or have assessed the extent to which artificial structures can be considered as surrogates of natural rocky habitats, focusing on assemblages of algae, invertebrates or fish (Connell and Glasby, 1998; Glasby, 1999; Davis et al., 2002; Chapman, 2003 Chapman, , 2006 Chapman and Bulleri, 2003; Guidetti, 2004; Clynick, 2006) . To our knowledge, very few studies have instead assessed the ecological implications of introducing hard coastal-defence structures into areas where soft-bottoms are predominant (but see Davis et al., 2002; Bacchiocchi and Airoldi, 2003; Moschella et al., 2005; Pinn et al., 2005; Gacia et al., 2007) . Impacts caused by their deployment have been mainly evaluated in terms of the changes caused to assemblages living in the surrounding sedimentary habitats. Changes in water flow, illumination and rates of sedimentation due to the introduction of built structures can be, in fact, detrimental for plants (e.g. seagrasses) and animals living in or on soft-bottom substrata (Davis et al., 1982; Barros et al., 2001; Martin et al., 2005) . Less attention has, in contrast, been given to the implications these structures may have in attracting a suite of rocky-bottom organisms (Bulleri, 2005) ; although this function is widely acknowledged for artificial reefs that are actually built with the primary objective of functioning as aggregating devices or as tools for the rehabilitation of endangered or over-exploited species (Collins et al., 1994; Carr and Hixon, 1997 lack suitable habitats (e.g. natural hard-bottoms) (Glasby and Connell, 1999; Davis et al., 2002; Bacchiocchi and Airoldi, 2003; Bulleri and Airoldi, 2005; Glasby et al., 2006) , with important implications for biodiversity at local and regional scales (Bulleri, 2005) .
Some types of hard coastal-defence structures, such as breakwaters, not only introduce hard substrata in otherwise sandy-dominated bottoms, but can also provide sheltered habitats along wave-exposed coasts. Wave-exposure is an important determinant of the structure of benthic assemblages (Denny, 1995) . Thus, the availability of sheltered habitats can allow the development of assemblages very different from those occurring on nearby waveexposed habitats and create, directly or indirectly, opportunities for the establishment, reproduction and spread of non-indigenous species Bulleri et al., 2007) .
At odds with the ubiquitous presence of coastal-defence schemes and with the pressing need to improve our understanding of their impacts on natural assemblages at a variety of spatial scales and of their role as surrogates of natural rocky habitats (Bulleri, 2006) , very few studies (Bacchiocchi and Airoldi, 2003; Moschella et al., 2005; Pinn et al. 2005; Gacia et al., 2007) have investigated patterns of distribution of epibiota they support and, in particular, assessed differences between wave-exposed and wave-sheltered habitats (Davis et al., 2002) .
This study, by assessing patterns of abundance and distribution of epibiota on breakwaters along sandy stretches of coastline in Tuscany (NW Mediterranean), is an attempt in that direction. Specifically, we tested the hypotheses that low-shore assemblages would differ between the landward (wave-sheltered) and the seaward (wave-exposed) side of breakwaters. The generality of patterns was evaluated by making these comparisons on four occasions, over a period of 15 months. Furthermore, because knowledge about the stability of assemblages, either in space or time, is important to predict the susceptibility of assemblages to the establishment of exotic species (Davis et al., 2000) , we tested the hypothesis that temporal and spatial variation of the assemblages would be different between the landward and the seaward side of breakwaters.
Methods

Study site
The study was done on hard coastal-defence structures at Marina di Pisa, about 14 km north of Livorno, Tuscany (Italy), in the North-Western Mediterranean (Fig. 1) . The coast is sandy, exposed to westerly winds and extends from the mouth of the Arno River for about 15 km south. During the mid-60s', several offshore breakwaters running parallel to the coast were deployed to prevent the erosion of sandy shores. These are about 200 m in length and are made of granite blocks of irregular shape (major axis varying between 2 and 3 m). Breakwaters extend about 2-3 m below the mean low water level (hereafter MLWL), are between 30 and 50 m offshore and separated by narrow channels, about 5 m in width (Fig. 1) . The spatial arrangement of breakwaters creates a calm internal water body on the landward side, characterized by soft-bottoms and highly frequented by people from May to October (authors' personal observation).
Sampling design
In October 2006, we started a preliminary survey to assess patterns of distribution and abundance of algae and invertebrates present on breakwaters. Two breakwaters were haphazardly selected (100 s of m apart) along 2.5 km of coastline. Both the landward (wave-sheltered) and the seaward (wave-exposed) sides of breakwaters were sampled at low-shore levels (between 0 and 0.3 m below the MLWL). Three areas (about 5 m long and 10 s of m apart) were then randomly selected within each side of each breakwater. The cover of sessile organisms and bare rock was quantified visually in five randomly placed 20 Â 20 cm quadrats in each area, subdivided into 25 sub-quadrats (4 Â 4 cm). A score from 0% to 4% was given to each taxon in each sub-quadrat and the percentage cover was obtained by summing over the entire set of sub-quadrats (Dethier et al., 1993) . When possible, organisms were identified in the field to species or genus; when it was not possible, taxa were lumped into morphological groups (Steneck and Dethier, 1994) .
In December 2006, a greater number of breakwaters were included in our sampling design in order to improve our ability to estimate variation in assemblages at this spatial scale (i.e. among breakwaters). Thus, four breakwaters were randomly selected from a larger number available and, on each of these, two areas (about 5 m long and 10 s of m apart) were randomly identified on both the landward and the seaward side. Different areas were selected for each time of sampling (December 2006, May and October 2007) , to ensure data independence (Underwood, 1997) . Within each area, low-shore assemblages were sampled in five replicate quadrats with the same procedures previously described.
Data analysis
To test for differences in the structure of assemblages between exposures, data from the first time of sampling (October 2006) were analysed by permutational multivariate analysis of variance (PERMANOVA, Anderson, 2001) . The analysis included the following factors: (i) exposure, fixed, two levels (landward and seaward side of breakwaters); (ii) breakwater, random, two levels, crossed with exposure; (iii) Area, random, three levels, nested within the interaction of the other factors. Student's t-test was used for multivariate pairwise a posteriori comparisons.
Multivariate patterns were displayed graphically by plotting the centroids of areas in a nMDS (non-metric multidimensional scaling) based on Euclidean distances. In order to obtain centroids of each area for each date of sampling, we first calculated a dissimilarity matrix based on the Bray-Curtis index among all the observations. Because Bray-Curtis is a semi-metric index, centroids cannot be obtained simply as arithmetic averages of these dissimilarities (Anderson 2001) . Thus, we first calculated principal coordinates from the Bray-Curtis dissimilarity matrix. This places the observations into a Euclidean space without altering the Bray-Curtis measure: i.e. the distance between any pair of observations based on the principal coordinates is equivalent to the dissimilarity between those observations obtained from the original variables. Centroids were then obtained as arithmetic averages of the principal coordinates over the five replicates of each area in each date of sampling.
The abundance of common taxa were analysed with analysis of variance (ANOVA), following the same design used for the PERMA-NOVA. Prior to analyses, Cochran's C-test was used to assess the assumption of homogeneity of variances and data were Ln(x + 1)-transformed, if necessary (Underwood, 1997) . Student -Newman -Keuls (SNK) tests were used for pairwise a posteriori comparisons of means.
Data from the subsequent three times of sampling were analysed with the same multivariate and univariate techniques, but with a slightly different design. This included the following factors: (i) date, random, three levels; (ii) breakwater, random, four levels, crossed with date; (iii) exposure, fixed, two levels (landward and seaward side of breakwaters), crossed with both date and breakwater; (iv) area, random, two levels, nested within the interaction of the other factors. Furthermore, SIMPER analysis (Clarke, 1993) was used to identify those taxa that most contributed to Bray-Curtis dissimilarities between the seaward and landward sides of breakwaters at each date of sampling.
Univariate methods for partitioning variation among factors have been successfully extended to multivariate data, providing new insights into assemblage heterogeneity in marine environments (Terlizzi et al., 2007) . Estimates of temporal variation in structure of assemblages were obtained by running a two-way PERMANOVA including the factors time (random, three levels) and Area (random, two levels and nested in time), separately for each combination of breakwater and wave-exposure. The multivariate pseudo-variance components for each term in the model were then calculated using multivariate analogues to the univariate ANOVA estimators (e.g. Searle et al., 1992; Terlizzi et al., 2007) . Observed mean squares were equated to the expected mean square derived from the linear model of the analysis (Underwood, 1997) . This procedure generated a total of eight replicate measures of temporal variation, four for each of the seaward and the landward sides of breakwaters. Estimates of spatial variation between areas were obtained using a similar procedure; for each date of sampling, a one-way PERMANOVA was performed for each breakwater and wave-exposure, providing four measures of spatial variation between areas for each side of breakwaters. Occasionally, negative estimates of pseudo-variance were obtained. In these cases, variances were set to zero, assuming that they were sample underestimates of small or zero variances (Searle et al., 1992; Underwood, 1996) .
Results
The multivariate analysis on data collected in October 2006 showed significant differences in the structure of assemblages between the landward and the seaward side of breakwaters (Table 1) . In the nMDS, symbols representing assemblages on the landward side were segregated from those representing assemblages on the seaward side of breakwaters (Fig. 2) .
Although there was a marked trend for the cover of Mytilus galloprovincialis and Corallina elongata, to be greater on the seaward than on the landward side of breakwaters, the ANOVAs failed to detect significant effects of wave-exposure, likely due to the lack of power of the relevant test and to heterogeneity of variances (Table 2 , Fig. 3A and B, respectively) . In contrast, the covers of filamentous algae and Caulerpa racemosa and the amount of bare rock were significantly greater on the landward than on the seaward side of breakwaters (Table 2 , Fig. 3C , D and E, respectively), while the cover of encrusting corallines did not vary according to wave-exposure (Table 2, Fig. 3F ). All analysed taxa, excluding C. racemosa and C. elongata, showed significant variability among areas. The number of taxa was generally small and did not differ significantly between exposures (Table 2, Fig. 5 ).
For the three subsequent dates of sampling, when more breakwaters were included in the survey, multivariate analyses showed significant differences in the structure of assemblages between landward and seaward side of breakwaters that were consistent through time (t-tests for the interaction date Â exposure Table 3 , Fig. 4 ). SIMPER analyses showed that these differences were consistently caused by filamentous algae, C. elongata and M. galloprovincialis, explaining together 79%, 75% and 70% of the differences, in date 1, 2 and 3, respectively. Interestingly, in date 3 (October 2007), C. racemosa also contributed to differences between the landward and seaward side of breakwaters, explaining 11% of the differences.
Univariate analyses showed the dominance of M. galloprovincialis and C. elongata on the seaward side, and although to a different extent among sampling dates, that of filamentous algae on the landward side of breakwaters (SNK tests in Table 4 , Fig. 3A , B and C). The cover of C. racemosa varied markedly among dates of sampling. The alga was absent in May 2007 while it was found exclusively on the landward side of breakwaters in December 2006 and in October 2007, with a greater cover at the latter time of sampling (Table 3 , Fig. 3D ). The cover of encrusting corallines, despite largely varying through time, was greater on the seaward than on the landward side of breakwaters (Table 3 , Fig. 3F ), while the opposite pattern was detected for the amount of free space (Table 3 , Fig. 3E ). No significant differences were detected between sides of breakwaters in the number of taxa (Table 3 , Fig. 5 ).
Visual inspection of graphs indicates that temporal variation in the structure of assemblages was greater in assemblages on the seaward side than those on the landward side of breakwaters (Fig. 6A) . In contrast, variation within breakwaters, at the scale of 10 s of m, did not vary according to wave-exposure (Fig. 6B) . When necessary, pooling procedures were applied according to Underwood (1997) . a Tested on area(E Â B). * P < 0.05. ** P < 0.01. *** P < 0.001.
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Discussion
Low-shore assemblages on artificial structures, either on landward or seaward sides of breakwaters, were characterized by a low number of taxa, in accordance with patterns documented on breakwaters along other sedimentary coasts in the Mediterranean and in the North-East Atlantic (Bacchiocchi and Airoldi, 2003; Moschella et al., 2005; Pinn et al., 2005; Gacia et al., 2007) . These patterns are not surprising given that artificial structures, being generally located in urban or industrial areas, are commonly subjected to poor environmental conditions (e.g. release of pollutants and nutrients, high rates of sedimentation), which are known to affect negatively macroalgal diversity (Krause-Jensen et al., 2007) .
At low-shore levels, the artificial habitats we investigated supported a smaller number of taxa (mean ± SE = 4.45 ± 0.09; n = 240) than nearby rocky shores, located about 15 km south (11.16 ± 0.18; n = 192; Benedetti-Cecchi et al., unpublished data). Assemblages on artificial structures represented a subset of the regional pool of hard-bottom species, as all the species they supported were common on local rocky shores. This would indicate that a relatively large number of species is not able to establish viable populations on these surfaces. Severe sand scouring during swells may reduce the number of species able to recruit and/or survive on these structures. Alternatively, lack of supply of larvae, spores or propagules for colonization could explain the low species diversity. This is, however, unlikely to occur, given the relatively short distance between this site and natural rocky shores or reefs. Our results, in accordance with those of other studies (Bacchiocchi and Airoldi, 2003; Moschella et al., 2005; Pinn et al., 2005; Gacia et al., 2007) would suggest that these artificial habitats do not represent surrogate habitats for many rocky-bottom species, allowing few ''opportunistic" organisms to achieve dominance.
Variation between the landward and the seaward side of breakwaters was mainly caused by four taxa, with encrusting corallines, C. elongata and M. galloprovincialis more abundant on the seaward side of breakwaters and filamentous algae on the landward side. Other studies have reported similar patterns of distribution of organisms around breakwaters (Bacchiocchi and Airoldi, 2003; Bulleri and Airoldi, 2005; Moschella et al., 2005; Gacia et al., 2007) . Mussels and barnacles have been repeatedly found to be more abundant on wave-exposed sides of artificial structures (Bacchiocchi and Airoldi, 2003; Moschella et al., 2005; Gacia et al., 2007) . At our study sites, the landward side of breakwaters was completely free from mussels. This could be the result of poor circulation of water reducing the supply of food or enhancing the deposition of fine sediments on the surface of blocks. In accordance Whenever the analysis showed a significant interaction, the pseudoF for the main effect and lower order interactions of relevant factors are not reported as these are not logically interpretable (Underwood 1997) . L = Landward; S = Seaward.
with Gacia et al. (2007) , much of the free space on the landward side of breakwaters was indeed covered by a thick layer of sediment (F. Bulleri, personal observation). High sedimentation rates can cause smothering of filter-feeders like barnacles and mussels, favouring the dominance by filamentous or turf-forming algae (Airoldi, 2003) . Interestingly, throughout the duration of the study there was a trend for M. galloprovincialis to progressively monopolize space at the expense of C. elongata. This could indicate an ongoing process of recovery of space by mussel beds after a particularly severe storm disrupted their integrity or, alternatively, could reflect a successful event of recruitment. In contrast to patterns documented by Airoldi et al. (2005b) in the northern Adriatic Sea, recreational harvesting of mussels is not a common practice at our study site.
The main space-occupiers on the seaward side of breakwaters, M. galloprovincialis and C. elongata, are commonly found on nearby wave-exposed natural rocky shores (Livorno, about 15 km south), but never at such high values of percentage cover (Menconi et al., 1999; Benedetti-Cecchi, 2001 ). Either physical features of artificial habitats (e.g. size and topography of the blocks and their spatial arrangement) or water quality could have contributed to determine their dominance at our study site. The proximity of breakwaters to the mouth of the Arno River might have created highly suitable conditions for the recruitment and growth of mussels (i.e. supply of suspended organic matter). Great similarity Table 4 ANOVAs testing for the effects of date of sampling, breakwater and wave-exposure on the abundance of common taxa Source of Variability
Caulerpa racemosa
Filamentous algae
Corallina elongata
Encrusting corallines
Mytilus galloprovincialis
Bare rock
Number of taxa Cochran's test 
S.E.:
1.9615
4.4615 1.6688
2.4609
Whenever the analysis showed a significant interaction, the F-ratio for the main effect and lower order interactions of relevant factors are not reported as these are not logically interpretable (Underwood 1997) . When necessary, pooling procedures were applied according to Underwood (1997) between assemblages in wave-exposed habitats on these breakwaters and those on a rocky shore influenced by the Magra River, about 50 km north, (i.e. dominance of mussels; Benedetti-Cecchi et al., 2000) would suggest a strong influence of inputs of freshwater at our study site. The relatively large cover of C. elongata, a stenohaline species (Doty and Newhouse, 1954) , suggests however, that factors other than the proximity to a river contribute to regulate the structure of low-shore assemblages on these structures.
Filamentous algae were present on the seaward side of breakwaters, but exclusively as epiphytes of mussels and C. elongata and with temporally variable percentage cover, greater in summer/autumn and close to zero in winter. In contrast, filamentous algae dominated wave-sheltered habitats consistently through time. Here, it is worth stressing that, while mosaics of patches occupied by mussels or C. elongata have been documented in the region (Benedetti-Cecchi et al., 2000) , persistent domination of space by filamentous forms has not been previously reported on open coasts. The provision of sheltered habitats may therefore generate physical conditions leading to the monopolization of space at low-shore levels by opportunistic forms and, ultimately, to the persistence of assemblages very different from those observed on natural rocky substrata in the region. If assemblages on the seaward side of breakwaters resemble, to some extent, those found on rocky shores in the region that are subjected to a similar influence of freshwater inputs, those on the landward side are to be considered habitats of their own, with artificial patterns and processes (Bulleri, 2005) .
Assemblages on landward and seaward sides of breakwaters also differed in terms of temporal stability. Mechanical disturbance by waves is likely to vary greatly in intensity and frequency between exposed and sheltered habitats. Availability of bare space was greater on the landward than on the seaward side of breakwaters, consistently through time, suggesting that factors other than the wave-generated removal of biomass produced the observed patterns. Great availability of empty space has been previously documented on rip-rap seawalls built in wave-sheltered areas of San Diego Bay, in southern California (Davis et al., 2002) . Due to poor water exchange, conditions on the landward side of breakwaters could be sufficiently harsh (e.g. high rates of deposition of sediments) to allow the persistence of few species, with little temporal variation in their covers. Indeed one single functional group, the filamentous algae, and, to a lesser extent, one exotic species, C. racemosa, were able to hold space consistently through time. Both of these are highly tolerant to sedimentation (Airoldi, 2003; Piazzi et al., 2007) . Filamentous forms generally formed dense mats, making identification to species or genus unfeasible in the field. The same species were, however, found at different times of the year, suggesting low species turnover within this functional group (authors' personal observation). Variation between assemblages on the landward and the seaward side of breakwaters did not, in contrast, differ at the scale of 10 s of m (i.e. between areas). This would indicate that although the factors influencing the distribution of organisms in these contrasting habitats are likely to differ (i.e. wave-action and sedimentation, in exposed and sheltered habitats, respectively), they operated consistently within breakwaters.
Dominance by filamentous algae, associated with large availability of unoccupied space, on the landward side of breakwaters, may acquire great importance when considering the ecology of invasive species. In this study, we found a high cover of the introduced macroalga C. racemosa on the landward side of breakwaters. Although this alga is able to colonize a variety of natural substrata (Piazzi et al., 2005) , here, it was not found on sandy bottoms sheltered by breakwaters. C. racemosa can tolerate high rates of sedimentation (Piazzi et al., 2007) and its colonization and spread are facilitated by the presence of algal turfs (Ceccherelli et al., 2002; Bulleri and Benedetti-Cecchi, in press ). Hence, domination by algal turfs in wave-sheltered habitats could have favoured the establishment of this invader. Importantly, this species is commonly found on exposed coasts and its distribution does not seem to be regulated by wave-exposure (Bulleri and Benedetti-Cecchi, in press ). Hence, lack of this species on the seaward side of breakwaters may suggest that organisms that occupied space on these surfaces were somehow effective in preventing its establishment. Recent experimental work has shown that the spread and growth of C. racemosa is enhanced on complex surfaces (Bulleri and Benedetti-Cecchi, in press ); according to these findings, mussel beds would represent suitable surfaces for C. racemosa, favouring the attachment of its prostrate stolons. Mussels and organisms intimately associated with them, such as epiphytes or those interstitially, are susceptible to dislodgement by waves. This mechanism is, however, unlikely to explain the complete absence of C. racemosa in wave-exposed artificial habitats.
Greater stability of assemblages on the landward side of breakwater could foster the persistence of C. racemosa. In the Mediterranean Sea, this alga shows strong seasonal fluctuations and, on the closest shallow natural rocky substrata (3-6 m in depth), it virtually disappears from November to March, to grow back in early spring and peak in abundance in September-October (Bulleri and Benedetti-Cecchi, in press ). Here, C. racemosa showed a similar trend, but its cover was still very high in early winter, a time of the year at which it has generally undergone a considerable decrease (Bulleri and Benedetti-Cecchi, in press ). Thus, wave-sheltered artificial habitats may not only provide suitable hard substrata for this species within an otherwise sandy area, but would also enhance its persistence through time. This may, in turn, enable this species to generate more biomass and produce more and bigger fragments, enhancing its long distance dispersal.
Although its cover did not reach values worth of formal analysis, a second non-indigenous species, the green alga Codium fragile spp. tomentosoides, was recorded on the landward side of breakwaters in December 2007. The results of this study, documenting the lack of C. fragile ssp. tomentosoides on the seaward side of breakwaters, confirm that wave-sheltered artificial habitats represent ideal habitats for this species Bulleri et al., 2007) . Since in contrast to C. racemosa, the recruitment of parthenogenetic zygotes C. fragile ssp. tomentosoides is enhanced on primary substrata , the large availability of unoccupied space on the landward side of the breakwaters at Marina di Pisa let us predict a further increase in the local abundance of this species.
In summary, the results of this study suggest that the deployment of hard coastal-defence structures, attracting a suite of rocky-bottom species, has the potential to alter patterns of abundance and distributions of species at local and regional scale (Bulleri, 2005) . These structures can function as ''stepping stones" (sensu Glasby and Connell, 1999) , enabling species to disperse across areas lacking of suitable habitat, disrupting natural patterns of dispersion and influencing gene flow, with potential evolutionary consequences. In particular, the provision of wave-sheltered surfaces determines the occurrence of assemblages different from those that can be found on comparable natural hard substrata. These are characterized by low functional diversity (one morphological group of algae), large availability of free space and great temporal stability. These features can have positive implications for the establishment and spread of exotic species (Davis et al., 2000; Stachowicz et al., 2002) . This study, documenting the presence of two of the most widespread invasive seaweeds (Williams and Smith, 2007) , strengthen the results of previous works that have identified man-made structures as important corridors for the expansion of introduced species (Glasby and Connell, 1999; Bulleri and Airoldi, 2005) .
In this light, further research on the ecological impacts and ecological role of these structures, whose presence is predicted to increase due to climatic and socio-economic reasons, is urgently needed to plan strategies for the conservation of marine biodiversity and for the management of biological invasions. Our study suggests that the provision of sheltered habitats should be of particular concern when planning the deployment of hard coastal-defence structures. Alternative options in the design of these structures may minimize their impacts. For instance, deploying structures that allow higher circulation of water around landward surfaces would serve to improve physical conditions, enabling the development of assemblages more similar to those occurring on natural rocky coasts. Achieving these goals requires, however, the integration of ecological criteria into the decision-making process which is, at present, mostly based on social and economic objectives.
